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This@repoft summarizes the development work on the improved external cargo 
sling that was developed at Vertol Division - Boeing Airplane Company.  The 
improved sling designated the "cargo swing" was compared to thfe standard 
sling for H-2.1 helicopters in a previous flight test program which is 
reported in Vertol Report R-177.  The present work was initiated to improve 
the "cargo swing" by modifications which now make it acceptable for potential 
retrofit ongjH-Zl helicopters.  However, some redesign in the interest of » 
weight reduction and cost considerations for quantity production would be 
desirable if the swing is retrofitted. 

® 

The cargo swing was designed to locate the effective point of suspension 
of the cargo nearer the center of gravity of the helicopter.  The effective 
point of suspension, when utilizing the swing, ranges from approximately 
26 inches to 34 inches below the normal c. g. of the H-21 helicopter depending 
on the angle of lateral swing of the external cargo with respect to the heli- 
copter, (Reference Figure 7).  The effective point of suspension of the 
standard sling lies at 134 inches below the normal e.g. of the H-21 heli- 
copter.  By using the swing concept, coupling is reduced between lateral 
motion of the cargo and rolling motion of the helicopter. 

The cargo swing pivots at 67 inches below the e.g. for longitudinal motion 
compared to 134 inches effective suspension point below the e.g. for the 
standard sling.  Therefore, coupling between longitudinal motion of the load 
and pitch of the helicopter is also reduced with the cargo swing but to a 
lesser degree than for lateral motion.  For tandem rotor helicopters further 
improvement in longitudinal stability and control is unnecessary.  The 
primary consideration in the cargo swing design was to improve the rolling 
stability of the H-21 helicopter when handling external cargo. 

® 

In the program reported in Vertol Report R-177, the external cargo sling 
was evaluated in comparison to the standard cargo sling on an Army H-21C 
helicopter.  The program involved flying under stabilized flight conditions 
from 0 to 50 knots with sling loads of 2200 lbs. and 3200 lbs. and cargo 
cable lengths between the hook and the cargo of 0, 5, and 10 feet.  All flights 
were made under wind conditions of less than 15 knots.  All flights comparing 
the cargo swing to the cargo sling,as well as flights on the current program , 
were made by the same pilot. 

In addition to the stabilized runs mentioned above, stabilized Vmax runs of 
83 knots, limited by the confines of the field, with a 2200 lb. load and 
cargo cable lengths of 5 ft. and 10 ft. were made utilizing the swing system. 
Vmax for the standard cargo sling was 65 knots for the same load and cable 
lengths, and was limited by excessive lateral sway and longitudinal pitching 
of the helicopter.  Rapid accelerations and decelerations (flares), both left 
and right sideways flight, and both left and right extreme rolls with the 
various loads and cable lengths were also performed on both the cargo swing 
and the cargo sling.  Oscillograph instrumentation records of pitch rate, roll 
rate, roll attitude, longitudinal stick position, lateral stick position, and 
air speed were taken for all of the above flight conditions on both the cargo 
sling and cargo swing during the original program. 



The modifications to the cargo swing ,that were made in the current program , 
consisted of redesign to improve the retraction of the swing, new fuselage 
attachment fittings, addition of a manual emergency cargo release system, 
and incorporation of a swivel at the hook to permit freedom for load rotation. 
A more detailed description of these modifications are as follows: 

'Redesign to improve retraction of the swing - A trunnion 
was installed at the lower corners of the swing so that 
the apex can pivot relative to the mam arms.  This permits 
the swing apex and cargo hook boom to be retracted (nearly) 
parallel to the lower fuselage skin line as shown in Figure 
5.  A hand winch was tied into the standard H-21 sling re- 
traction system for this program.  An electrical winch is 
"recommended if retrofit is desired. 

-'•' 

2. The main arm fuselage attachment fittings are redesigned 
to provide for full swing motion  to any possible 
combination of fore and aft and lateral angles.  There is 
now no possibility of recurrence of the bolt failure 
experienced at Fort Bragg during tests conducted by the 
Airborne and Electronics Board. 

3. A manual emergency release system has been provided which 
connects to the pilot 's manual release handle and also the 
release handle located in the aft cabin area for cargo re- 
lease by a crew member.  The manual release handles actuate 
a hydraulic pump with a self-contained reservoir which 
pressurizes hydraulic fluid in a flexible line running down 
the swing arm to a hydraulic cylinder.  The hydraulic cylinder 
is mounted on the center swinging arm which is connected to 
the cargo hook.  When the hydraulic cylinder receives 
pressurized fluid, it pulls upward on a cable connected to 
the mechanical release on the cargo hook.  This manual re- 
lease system was found to function satisfactorily but requires 
precise adjustment.  It would be advisable to provide a 
cylinder with a slightly larger stroke for any swings in a 
retrofit program. 

The modifications were made on the two cargo swings from the original program 
and wherever possible, the old parts were used.  The two modified test 
swings are capable of a maximum of 4000 pounds external cargo load when in- 
stalled on H-21 helicopters.  The installation was proof loaded to a limit 
load of 2.6 7 x 4000 pounds. 

J 



In the event it is desired to retrofit the cargo swing on H-21 helicopters, 
it is recommended that the material thickneÄ of the main arms be increased 
to .090 inches which will make the complete installation capable of a 5000 
pound external cargo load with a 2.67 limit load factor. 

The testing accomplished on the current program assured the function of the 
swing modifications and also verified the previously reported flight test 
results.  Additional flight tests conducted with an empty Army conex box 
demonstrated the effectiveness of the swing for low density loads which must 
be carried externally. 
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CONCLUSIONS 

Based on the overall test program of the original cargo swing and the modified 
cargo swing, the following conclusions were reached: 

1. Pilots report that the overall»handling characteristics of the H-21 
with external load are quite similar to the handling characteristics 
with internal cargo. @ 

2. Pilot effort required to maneuver the helicopter carrying typical external 
loads is reduced to approximately one-third that required for operating 
with the standard sling. 

3. High speed flight is now possible with externally slung loads (up to 95 
knots have been achieved). 

4. Offset load pickup can be made with attachment angles up to 20° with no 
appreciable rolling or pitching moment buildup. 

5. The hovering helicopter can be rolled to angles of 20° with 3200 pounds 
of external cargo without exceeding safe lateral control. 

6. Coordinated high speed turns carrying 3200 pounds external cargo are now 
possible (up to 30° bank angle and 70 knots were achieved). 

7. Rolling of the helicopter, due to cargo motion, is reduced due to negli- 
gible coupling of feedback forces between external load and the helicopter. 

8. More rapid accelerations and flares with external cargo are soon possible. 

9. Modification of the cargo swing to improve retraction was successful (see 
recommendations). 

10. The manual release for the cargo hook which was designed to tie into the 
existing H-21 manual system functioned satisfactorily (see recommendations), 

11. The electrical release system for the cargo hook which is wired into the 
existing H-21 electrical release system functioned satisfactorily through- 
out the testing. 

12. The redesigned fuselage attachment fittings were checked out on the ground 
and in flight with the load swinging well beyond any possible angle that 
could be achieved in normal operations.  There is no possibility of a 
repetition of the attachment bolt failure that occurred at Fort Bragg, 

13. The swivel that was incorporated in the cargo hook permits rotational 
freedom of the load and was completely satisfactory in operation. 

14. In general it is concluded that the H-21 cargo swing is now ready for 
retrofit on H-21 helicopters.  Some minor design changes would be required, 
however (see recommendations). 



RECOMMENDATIONS 

In the event it is desired to retrofit the cargo swings on H-21 helicopters, 
®the following design changes are recommended: 

1. For operational considerations, the manually-operated 
swing retraction winch should be replaced with an 
electric and/or hydraulic winch(controllable from the 
cockpit), thus eliminating the need for a cargo compart- 
ment winch operator.  A cockpit indicator showing swing 
position (extended or retracted) should also be in- 
corporated. 

2. Some strengthening of the standard H-21 retraction 
system should be made since the cargo swing is heavier 
than the standard sling used on H-21 helicopters. 

3. The hydraulic portion of the manual release system 
»      should incorporate an actuator having a cylinder with 

a longer stroke so that less precise adjustments would 
be required in the hook release mechanism. 

4. The main arms should be made from .090 inch thick 
material so that the entire swing installation will be 
capable of a 5000 pound design load. 

5. Some redesign is desirable in the interest of possible 
weight reduction and to incorporate features typical of 
quantity production. 

■ .■ ..■■■■ ■ 



:i 

INTRODUCTION 

The work reported herein was contracted for under Modification II to Contract 
DA-44-177-TC-587.  The scope of this project consisted of modifications to 
improve the external cargo swing for H-21 helicopters which was originally 
evaluated under Contract DA-44-177-TC-578 and reported in Vertol Report R-177 (Ref. 1). 
The design improvements were incorporated in the cargo swing and installed 
on an H-21 helicopter.  The installation was subjected to functional test and 
evaluation both on the ground and in flight with external cargo. 

The original cargB swing development was an outgrowth of the multilift program, 
Contract DA-44-177 TC-481.  The cargo swing concept was initiated to fulfill 
a requirement to reduce the rolling moments induced in two (2) H-21 helicopters 
when coupled by a multilift load carrying beam.  Contract DA-44-177-TC-578 
»was let after cancellation of the multilift project to provide for an       © 
evaluation of the swing concept when used for external cargo handling work. 

The successful flight test evaluation at Vertol clearly  demonstrated the value 
oof the swing concept.  Improvements were recommended since several features 
necessary for external cargo handling work were not required on the more 
specialized multilift program for which the swing was originally designed. 
However, it was decided to send the installation to Fort Bragg, North 
Carolina, for service evaluation by the Airborne and Electronics Board prior 
to incorporating the improvements.  It was felt that experienced Army 
operating personnel,familiar with all types of external cargo handling problems, 
could determine any additional improvements that might become evident during 
a service evaluation. 

The value of the swing concept was again demonstrated at Fort Bragg. Near 
the end of the evaluation a failure in one of the swing arm attachment bolts 
occurred. It was decided that sufficient testing had been completed so that 
positive recommendations for improvements could be made. As a result of the 
Airborne and Electronics Board recommendations at Fort Bragg, Vertol was 
awarded Modification II to Contract DA-44.-177-TC-587 under which the current 
work was accomplished. 

The improvements that were made under the current contract and reported herein 
are as follows: 

(a) Redesign at the point of attachment of the cargo swing 
to the helicopter fuselage to prevent repetition of the     s 

attachment bolt failure which occurred during the Fort 
Bragg service evaluation. 

(b) Modification of the swing so that it can be more easily 
retracted.  " 

6 
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(c) Provide a maniSal release for the cargo hook to tie 
into the existing manual release system presently 
used in the H-21 helicopter. 

(d) Although not specifically required by the contract, 
a swivel was incorporated in the cargo hook. The 
swivel permits the cargo to rotate freely and therefore, 
no torsional moments are transferred to the swing. 

The objective of the present work which was accomplished under Modification 
II to Contract DA-44-177-TC-587 was to modify the two existing cargo swings 
so that it could be demonstrated that the concept would be suitable in all 
respects for retrofit on H-21 helicopters.  Mainly this consisted of in- 
corporating the recommendations for improvements listed above.  The final 
proof of these changes was the functional testing both on the ground and in 
flight at Vertol, and a service evaluation by the Aviation Board at Fort 
Rucker, Alabama. 



Description of Cargo Swing 

A.  History of Swing Development 

The original H-21 cargo swing, Reference Figures 1 and 2, consisted 
of a parallel bar linkage hung from the two existing aft sling 
fitting locations.  The cargo swing ship fittings were designed to 
permit lateral and longitudinal swing action, but it was found that 
under an extreme combined roll and pitch motion the bolts could be 
subjected to bending moments which may result in^failure.  The pin 
joints at the bottom of the assembly permitted motion of the hook 
boom only in the plane of the swing assembly itself.  This feature 
was undesirable for retraction purposes since the hook and boom 
could not be swung forward enough to obtain ground clearnace 
(Reference Figure 3) .  This swing did not have a swivel;, device to 
permit rotation of the cargo hook.  The releases" provided were the 
normal electrical release and a cable cutter for emergency release. 
Retraction was effected with a cable through the aft cabin door. 
The modification of the swing assembly aircraft fittings was also 
required because of a field failure of one '"of the ship fitt-ing bolts 
during testing by the Army at Fort Bragg, North Carolina. 

9 

Swing Configuration as Modified in tnis Program • 

The modified swing assembly retained all the original basic 
structural frame and the kinematic configuration (Reference 
Figure 4).  The aircraft fittings were redesigned to allow un- 
limited simultaneous lateral and longitudinal motion of the swing. 
This precludes repetition of the bolt failure experienced at Fort 
Bragg. 

The pin joints at the bottom of the assembly were redesigned to allow 
the apex and cargo hook boom to rotate longitudinally out of plane 
with the swing assembly.  This permitted the hook boom to be re- 
tracted nearly parallel to the helicopter underside, thereby allowing 
adequate ground clearance for the retracted swing (Reference Figure 5) 
A swivel was added to the hook to permit external cargo to rotate 
freely.  The swivel design was subcontracted to the cargo hook vendor 
and is completely compatible with the hook. 

The cable (with cable cutter) which supported the hook was 
eliminated and the hook and swivel are now attached directly to the 
two supporting channels pinned at the apex.  An independent hydraulic 
emergency release replaced the cable cutter installation and the 
normal pilot's electrical release was retained, operating through slip 
rings in the hook swivel.  The modified swing is retracted via the 
standard cargo sling retraction system with an additional pulley 
mounted on the aircraft's underside to guide the cable through the 
fairlead and into the normal retraction system.  A hand-operated 
commercial winch was substituted for the bungee and handle assembly 
normally used to retract the standard sling assembly (Reference 
Figure 6) . 



C.  Structural Design 
  ® 

The cargo swing was designed to criteria as shown below. 

Design Load 
Limit Load Factor 
Limit Load 
Normal H-21 Operating Load 
Maximum Design Load 
Maximum Proof Load 
Imposed at Test 

4,000 lbs. ( 
2.67 
3",680 lbs. 
3,000 lbs. * 

5,000 lbs. * 

11,000 lbs. 

(Test Swings) 

* Stress analysis of cargo swing (Reference Appendix II) was for a 
5000 pound design load.  The two test swings used on this program 
were modified from the original cargo swings.  The main support 
arms were originally stressed for a 4000 pound design load.  Therefore, 
the only change required to make the complete swing assembly good 
for a 5000 pound design load is to change the main arm material 
thickness from ,081 to .090 inches. 

The redesigned pin joints at the bottom of the main arms as well 
as the aircraft fittings, swivel assembly, and swivel attachment to 
the hook boom were designed to a 5000 pound design load.  The standard 
cargo sling retraction system was modified by the addition of a re- 
traction cable guide pulley on the aircraft underside, and an 
additional pulley bracket and retraction winch inside the aircraft. 

These components were designed to a nominal retraction load of 70 
pounds with a 2.67 limit load factor.  For retrofit kit installation 
of the swings, the standard retraction components in the system should 
be modified for the higher retraction loads imposed on them. 

D.  Aircraft Modification Required 

The following modifications to the H-21 helicopter were required to 
install the external cargo swing. 

1. The two (2) cargo swing aircraft fittings replace the original 
sling 'cable attachment eyebolts, and are attached at the two (2) 
aft standard sling holes.  Each, fitting requirrs an ndditiona] 
hole through the skin and structure for an antirotation  pJa, 

2. For the retraction system, sheet metal brackets were installed 
to mount the hand winch, the winch lead-in pulley, and the lead- 
in pulley on the aircraft lower skin.  The original sling re- 
tracting cable was removed from the cabin bulkhead. 

3.  For the release system, all the original release cables were re- 
moved, the actuator for the electrical release was removed, and 
the cable tension regulators were removed from the pilot and crew 
chief release lines.  New cables replaced all the old cables. 



For the emergency release system, sheet metal brackets were 
installed to mount the hydraulic transmitter, transmitter 
lever return spring, guide pulley for the cable actuating 
the^hydraulic transmitter, and cable fairlead for the same 
cable.  A doubler was added to a hole cut through the battery 
support for cable clearance.  A hydraulic line was installed 
from the transmitter to a quick disconnect bulkhead fitting « 
mounted at the fuselage skin.  New electrical wiring was 
added from the original electrical release actuator plug to 
the cargo hook, going through a quick disconnect at the 
fuselage skin. 

The flexible external hydraulic line and electrical wiring 
bundle was routed from the fuselage skin quick disconnect 
fitting and attached to the main arm.  The bundle is routed 
over to the hydraulic cylinder mounted on the cargo hook boom 
(See Figure 5).  A short length of bungee spring loads the 
bundle aft and prevents fouling with the swing during extreme 
motions. 

10 



Figure   1       H-21C  #317 Hovering with Original 
Cargo Swing and External Cargo 



Figure 2      Original Cargo Swing with Cargo Hook 
and Emergency Cable Cutter  Installed 



Fi gure Original Cargo Swing Shown Retracted 

Figure     4 H-21C Hovering with Modified Improved 
Cargo Swing and External Load 



Figure      5 Modified Improved Cargo Swing 
Shown in Retracted Position 

Figure      6     Retraction Winch Installation 
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DISCUSSION OF RESULTS 

A- QProof Load Static Test 

Prior to flight testing of the modified cargo swing it was statically 
loaded while installed on the H-21 helicopter.  The load was applied 
with a hydraulic ram and measured with a load cell as shown (Reference 
Figure 8).  Test» results are as follows: 

Longitudinal Lateral 
Load (Pounds) Angle (Degrees)        Angle (Degrees) 

11,000 6 fwd 0 
11,000 2A aft 0 
11,000 0 20 

■ 

. 

The operation of the new hydraulic pilot and crew chief hook release 
and the manual pilot electrical release was checked out satisfactorily 
at a 4500 pound loading. s 

■21 Helicopter 

L7^J 

Hook Testing 
Pit 

Modified 
Improved 
Cargo Swin^ 

FIGURE 8 

'SCHEMATIC SHOWING DIRECTION OF STATIC PROOF LOADING AND PROOF LOAD SET UP 

G 
; 

- 
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B. Flight Test Progiram 

During the flight test program the swing was retracted and extended in 
flight, the electrical and manual hook release systems were checked out, 
and flights were made with various loads to reconfirm the operating 
characteristics of the swing principle.  These flights are described 
below.  The initial load was a 400 pound concrete-filled five gallon 
container.  The second wasea 3200 pound high density load, which con- 
sisted of two concrete filled steel pipes approximately twelve inches 
in diameter and four feet long.  The normal and emergency release mech- 
anisms were checked with these loads0.  A 1600 pound empty Conex box was 
then lifted and flown to forward speeds of 70 knots.  This box is cube 
shaped with dimensions of each side approximately 6'.  This shape presents 
a dynamic problem in forward flight and lateral oscillations up to 30° 
from the vertical were experienced during this flight.  This motion, 
coupled with simultaneous rotation of the box due to windloading, presented 
no pilot control problem.  Vmax was limited to 70 knots by the confines 
of the airfield.  With this load, 30° banks were executed at the 70 knot 
airspeeds. 

No instrumentation was installed f-or this program.  Oscillograph records 
of pitch rate, roll rate, roll attitude, longitudinal stick position, 
lateral stick attitude, longitudinal stick position, lateral stick 
position, and airspeed were taken during the testing of the original 
swing and are presented in Appendix C of report No. R-177 (Reference 1). 
These results are valid for the modified cargo swing also. 

C, Results 

During flight testing of the modified swing assembly the method of re- • 
traction was proven to be satisfactory for a military evaluation of the 
swing, although the pilot recommended the use of a powered winch for 
pilot control of retracting and extending the swing.  The redesigned pin 
joints at the bottom of the parallel beams allowed adequate ground clear- 
ance upon retraction of the swing.  Normal and emergency release systems 
functioned perfectly under loads from 400 to 3200 pounds, • 

The H-21 helicopter pitch and roll stability were excellent with the 
modified improved cargo swing carrying the 1600 pound Conex box.  The 
redesigned fuselage fittings functioned as required at Vmax runs of 70 " 
knots with lateral oscillations of the box to 30° from the vertical being 
encountered.  During this rotation and oscillation of the box the new 
hook swivel proved to be an "important addition to the unit.  The swivel 
feature eliminates torsional moments induced on the cargo hook.arm by the 
yawing motion of the cargo. 

18 - 



In testing of the original swing configuration (Reference 1) a 2200 
pound high density load was carried with zero, five, and ten foot riser 
cable lengths on the swing? In stabilized flights to 50 knots, rapid 
acceleration and deceleration, sideward flight and quick rolls in both 
directions, a maximum of 2.57,  of available lateral control authority was 
required.  In direct comparison tests by the same pilot, as much as 75% 
of available authority was required for similar maneuvers with the stand- 
ard sling configuration.  A similar flight sequence was conducted in 
original testing using a 3200 pound high density load and riser cable 
lengths as above. The cargo swing maneuvers required a maximum of 35% 
of control authority; the same maneuvers using the standard sling re- 
quired to 807o of available authority.  Longer riser cable lengths 
presented increasing control problems for the standard sling, but did 
not affect the operating characteristics of the cargo swing. 

During a high speed run of 70 knots on the current program the Gonex box 
was unintentionally dropped.  This was due to a cable in the emergency 
release being adjusted too short.  After proper adjustment, no uninten- 
tional hook releases were experienced. 
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PILOT "COMMENTS 

Fl ight No's. C10-X329 (8/27/60) 
and X330 (8/29/60) 

G.W./ 10,400# 
CG. s  10'^ CG. 
Fuel :  500 lbs. 

Purpose of F1 ights 

Hover check on cargo swing sling retraction mechanism. 

Comments       • 

The swing sling was retracted and extended three times 
successfu11y. 

The   aircraft   was   set   up   for   load-carrying   capabilities. 

B.     Fl ight   No,   C10-X-331   (8/30/60) 

G.W.: ]0,k00# 
CG. :  lO'T CG. 
Fuel :  500 lbs. 

Purpose of Flight . 

Fl ight evaluation of 1-1-21 cargo swing si ing and 
retracting mechanism. 

Comments 

A kOO   lb. load was picked up and released electrically 
and manua11y. 

A 3,200 lb. load was picked up and released success- 
fully, electrically and manually.  A 1,600 lb. Conex 
box was 1 ifted and flown to 70 knots forward speed, 
accompanied by changes in attitude up to "30° left and 
right.  During this latter maneuver the load was in- 
advertently released.  It was found that the cable re- 
leasing mechanism was too short.  Adjustments were 
made, and preparations were initiated«for flight #332. 

c-  Flight No. C10-X332 (8/31/60) 

G.W. 
CG. 
Fuel 

10,if00# 
10"F CG. 
500 lbs. 
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Fl ight No. C10-X332 (Continued) 

Purpose of Fl ight 
•  # 

Evaluation of H-21 cargo swing sling and retracting 
mechan i sm. 

Comments 

1 .  A kOO 
i nputs 
the ho 
passes 
one w i 
ret rac 
Conex 
knots 
accomp 
3200 1 
ua 1 re 

lb. weight was picked up, and radical rolling 
to the left and right were applied to check 

Id ability of the hook.  Following this, two 
were made over the photographer at 60 knots, 
th the swing extended and one with the swing 
ted.  Upon completion of this maneuver, a 
box (1600 lbs.) was lifted.  Flights up to 70 
forward speed, accompanied by banks to 30°, were 
I ished for the photographer.  Following this, a 
b. load was picked up and electrical and man- 
leases accomplished satisfactorily. 

D.  Fl ight No. CIO-X333 (8/31/60 

G.W.s 10,400# 
CG. : 10"F CG. 
Fuel : 500 lbs. . 

Purpose of Flight 

Fl ight demonstration of cargo swing siing and re- 
traction system for Ft. Eustis personnel. 

Comments 

1.  A ^00 lb. load was lifted and radio 
to the left and right to demonstrat 
capabilities in extreme attitudes. 
retraction of the swing was demonst 
forward^ speed.  A 1,600 lb. Conex b 
flown to 65 knots forward speed, ac 
ordinated turns to the left and rig 
radical directional inputs to the 1 
demonstrated to check the swinging 
of the Conex box.  Directional inpu 
both stops, left and right.  The TR 
viewed the demonstration were Capta 
Kellogg, and Mr. R. Aiken. 

a I i nputs appl i ed 
e hook hold ing 
The extension and 
rated at 60 knots 
ox was I i fted and 
companied by co- 
ht.  Fol1ow i ng this, 
eft and right were 
character i st ics 
ts were applled to 
EC0M personnel that 
i n McGu i re, Lt. 
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D.  Flight No. C10-X333 (8/31/60) (Continued) 

Comments (Cont'd.) * 

2.  The cargo swing sling was evaluated previously; and 
comments, as far as handl ing characteristics, are 
the same as listed previously.  At no time during 
the radical lateral inputs did we exceed 25% of 
available control authority.  The retraction mech- 
anism is satisfactory for a military evaluation in 
the present configuration.  In the event that we are 
to   do any further testing, it is suggested that an 
electric winch be installed and a light system be 
installed on the console so that the pilot may be 
able to read swing position (up or down), accom- 
panied by a switch so that the pilot could retract 
or extend the swing himself.  This would el iminate 
the need for another man in the aircraft. 

A» Temple 
Experimental Test Pilot 
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In order to reduce the rolling and pitching moments im- 
posed on the H-21 Helicopter by externally slung cargo, 
the subject cargo swing was designed» The cargo swing is 
designed to locate the effective point of suspension of 
the cargo nearer the center of gravity of the helicopter. 
The effective point of suspension, when utilizing the swing, 
ranges from approximately 26 inches to 3^ inches below the 
normal e.g. of the H-21 Helicopter depending on the angle 
of lateral swing of the external cargo with respect to the 
helicopter.  The effective point of suspension of the 
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The carg 
tudinal 
point be 
coupling 
of the h 
to a les 
consider 
rolling 
external 

CRITERIA 

o swing pivot 
motion compar 
low the e.g. 
between long 
ellcopter Is 
ser degree th 
atlon in the 
stability of 
cargOo 

s at 67 Inches below the e.g. for longl- 
ed to 13^ inches effective suspension 
for the standard sling.  Therefore, 
itudlnal motion of the load and pitch 
also reduced with the cargo swing but 
an for lateral motion.  The primary 
cargo swing design was to improve the 
the H-21 Helicopter when handling . 

The ultimate load is assumed acting anywhere within a cone, 
whose internal angle Is 60° and whose apex is 30" below the 
Cogc The axis of this cone is normal to the aircraft water 
line plane and passes through the e.g. 

The design load shall be: 

5?000# cargo @ 2.„67 g (limit) 

or 

5,000 x 2o67 x lo5 - 20,000# (ultimate) 

All symbols and material properties are in accordance with 
MIL-HDBK-5 (March 1959) and Vertol Structural Design Manual 
as noted on Page ii« 

FORM title (VMJ 



PREPARED BYl 
» 

CHECKED  BVl 

DATE: 

JBryant 

7/27/60 

VEHTOL DIVISION 
BOEING AIRPLÄNE COMPANY 

PAGE NO. H 

REPORT  NO.      K~<iUp 

MODEL  NO. H-21     CSrgJ l^-ng 

SYI4B0IS 

> 
UJ 
a. 

A Area (*) 

D, d, t, v Lug Dimensions, as noted 

F Allowable Stress (*) 

f Applied Stress (*) 

K Concentration Factor (*) 

M Bending Moment 

pi Allowable Load (*) 

R Stress Ratio (*), Reaction 

V Direct Shear 

r- Torsional Moment 

(*)-Used with Subscript 

Subscripts 

ALL Allowable 

B, b Bending 

br Bearing 

c Compression, Column 

cr Crippling 

s Shear 

T5 t Tension 

u Ultimate 

y Yield 

■7^ Torsion 

FORM  imC    (3/60) 

mamm 



DATE:     7///CO 

rnEPAXCO «Yt 

CHECKED  BYl 
VERTOL DIVISION 

BOEING AIRPLANE COMPANY 

fAOK NO.    / 

REPORT NO.   «\"-<?(i7;5~ 

MODEL NO.//,^/    Sl^/A/^ 

FORM line (s/eo) 



z?7 J 

■■■■   ■ 

PRCPABEO   BY:     S^J/S'y'Xjs} 7" 

CHECKED BVi 

DATE:      ?A/g0 

• 

s a: 

VERTOL DIVISION 
BOEING AIRPLANE COMPANY 

PAfSP NO.     ^-C 

REPORT NO.   J^ST-^KJ  ' 

MODEL  NO 

(^^   ./J 

-?^ 

/^^ 

^7J 

T 
^ö^ 

^^^^  ^J 

f    r 
^ AT 

/^ 

//' 

>rn>»u i nan   ^ayso^ 



PREPARE^  BY;   £$/€tf*?//? 
CHECKED   BYi 

DATE:    f/t/gO 

VERTOL DIVISldN 
BOEING AIRPLANE COMPANY 

CASE NO.  ^2 

REPORT NO. s^-JOS 
MODEL NO, 

-^r:fjL^l^2ff 

jyj-/   /<?*-<?■ 

-*\ y-.id? 

V.Zf 
~\r~\ 

Wf" 

1—/.S   —j 

sfrrszes/zv^Ajr   -ro   Stu/ set 

A:SI 

3/Z Moi. es /^.S. = 

h^u t 

2¥SjO£ 
XOOoa 

A 5-0 -/./2S' 

/=  S-./J 

JZ. 

& Jcxy&a 

<76oOO /v.s. - syooo 

PS/ 

T^A/S/O^J   //J   7cf/3^' 

2~ 

'Oa00   .   30,000 

£4 
/.- ^ 

^^■5" 

A/, S. ~- JC 

/^A/f/Oso        /sj     /"OsC 'K 

/^r '    ■ /87*''F  * 

/ 

r 
/P  w      /& OOP 

Jd '* 

#3 
33~Sao^    "    fCh*) sg-zc 1//} T/f&j 

A/.S. = - 
£</ 

3^.8 
-/= S.79 

-t-.se 

FORM IIUC   (3/60) 



PREPARED BY 

CHECKED BY 

DATE 7/i /^o 

VERTOL DIVISION 
BOEING AIRPLANE COMPANY 

PAGE  NO- 

REPORT NO. 

MODEL 

/-/-. 

J'/J   -/£     -Sc co sspg /?<e 

^.^WnfWVTS 

m 

. SO P'A 

r 

£>C>6 

OP 

31.0" 

O Q 
o o 
o o 
o o 

4- 

CLPP 

-/?      ,47/ JPc 

KH 

7 
^/?/45S/ ^   /O 

stioß.   /3c^r5 

A- 

Sir' /o 00o 'OOy- 
PS/ 

3x Jx.07/ * .3/3 

f3 

■ 

1 1 

1 1 

0    0 
0 0 0 
0    0 

6'M' 
~     //^j  OOO 

rf.t. = 
/ /£. 
7jr -/-- /-. ^o 

DP 6 PUTS 

*"'? ßoc75 A/7sr r^A/ö^^C j-ooo * 

£ OOP 
/o 

^fX?C> ^ ^esr 

'^ * 77^ * A/*. '£?- ** MM 

/  <? '/7J 73^466 
/o, 000 ~ 33'iO * 

//-,4 
# 

a 

IMP~ V/&    C£7y /O/JO/^T ,Jü ~/r}) 
3 ' . 

# 

//^ «   ^?z_/r /-, yj 
-/7 /5/.'<y &3£ 

FORM IllBC   (3/60) 



PRCPARED  BYl     A^/C"/^^ f 

CHECKED  BVi 

DATE:     7 //S/^O 

VERTOL DIVISION 
BOEING AIRPLANE COMPANY 

PAOE NO.        P" 

BEPORT NO.    /(^-J(0*>' 

MODEL NO.    >tV„2./     SuiftiQ NO-  /-/" 

^ 

"■^Mf-"£J£k 
t/zv*^ /3O^T 

Ar 
/ OOOO 

<?*/ÖÖO 
psi 

rf. S.  - 

■/*> 

= .J/ .77l 

t 
■J7 f3      ,   ' 

/?/%?* /3ot.r 

^'"f'Le   SMG-GRi      'ALL' 

]/* /a* Al S. - 
/J/.7 -/= ^.^7 

FORM 1IIIC   (3/»0) 
%ti 



PREPARED OY 

CHECKED BYi 

DATE; '7//.3A0 
VERTOL DIVISION # 

BOEING AIRPLANE COMPANY 
REPOHT  NO.      /C   '"^  t~J\S 

> 
UJ 

H» 

/■?*>' Ä,V^S c<,sj/-/-. 1/30   STL    jiJTS-^O 
M.1 

'? 

, 3& SS 

^3. z> 

/^ -'   £6 **'      f/V/t -//Z7/5X- -& ^   5-7) 

AS/ 

/VX  = ^a: 9 

3£?~/ /^srrssy^:        //-¥ P/s STJL     ors^/Bo *SI 

. 873 #'4. 

330 

&m^.^t>v*imsxmjMMmmmiaMBmiumm 

FORM mac O/eo) 



TREPARED  BY:    s^fe/rf/Sr 

CHECKED   BYl 

DATE:        j/ZY/tO 

VERTOL DIVISION 
BOEING AIRPLANE COMPANY 

PAOE NO.    / 

REPORT  NO. /%   ",%& £> 

MODEL NO. Z/.^/    5/V/W 

Jtff-/   /^Tf   ffo^'r) 

IO 

Oe3*j£>   ./ 

f.76^ 

■■ 13.IK 

Oo*j£>  2 

,•3./* 

/-vfi- ^/cy^t//?■/?  ^oit? ss   je&rfCT*/y rfy' soc/ttfr /nfCT/o^J ^a^toss 

r tA 
-/,5 

'3./K 

I -e. 

(?)   t^ ® 

3.^- 

X 

^ 

/rv# -^ 

^* ^/c 

-;,o  -. 

.97 

—t5l  

. 03 

J 
ronm itttc  (»/«o) Ifi 



CHECKE:D BYl 

DATE:    '//ftf/gO 

VERTOL DIVISION 
BOEING AIRPLANE COMPANY 

PAGE   NO. 8 
REPORT   NO 

■ ^' j 
MODEL  NO. /A p; ClA V,V<1 

m 

^fsjcvtrv sQ&ptj&sr £A)r/*:&iY ds 50c A /f -r sjcr/osJ.    /j 

o 

t)    /OOye   ^y^fS/^Aj  A„o/<m  /s'^^f/r^tu  SQJ   SOCATJ? T" 

/f c TsOsJ   /<? r   @ 

,v r    @ ^ @ 

/3./ * ~   4Z * 

/y 
/£ -/ 

si St 

// s. /J3y> 
/S'-Z 

- / =    A, / O 

io< .^'/r-. i >  L> & 
K 

/ /3. ' /-/. / 'N ^    3.J?/ 
/</,. 

=    Ä7 5"   +  jj U 
*/' 

/' 5"'       ± % ,7 1 x   z/6 x l.^3 

V^Ä 73" 
A:/// 

/T/v 

<£2C? 
. yf'i ' 

/'/   S 
^o 5 

/-  s-j.oo 
C5C3 

FORM  11 IBC    (i/«0> 



9 

PREPARED BY 

CHECKED BYi 

DATE 

DC 

7//v/60 

VERTOL DIVISION 
BOEING AIRPLANE COMPANY 

PAOE NO.     J7 

REPORT  uo-   /?- J?&i> 
MODE'-NO-//^/      gft/ ^ O 

^ ^- / V-V^  (^CV^ ' ^ 

/^^e   si sscsv/'/^yo*)  J?) 

/%?    „  *    . 33 x /3./    s 3.2-/ "      , _ // -    /ö,-/ 
AT 

^ - .  tfVi- y^=    l^L^i^L /r? A'-i/ 

/77 =  

xf ^^JT 

/o>$.s ^^£ /Oor   Su&JtrCriE/?  fa   7~£yUS/a^J   J^ort O "^ 

o 
J X . dZS'x. 33 O 

^^7 
/cs / 

o~r C se/-r/ t/H- 

^^f j?^J j^o /# 

*?*9-/ s 

VL/ / / 

yj^JZXZ 

J70-/  
(4-) AM 6'   76;/ - 4 J3oc rs 

/%fj( Ss/£,4/7    OAJ   S'acrS    ~   /JV 

V/a 7/ 
r .    

/3%-/^^o^    /vTs: = -^     -/a /-/. a/ 

FORM  lll'C    (3/»0) 



rnrrAnro BY:   S: J/*    frV^fAJf 

CHECKED  BYi 

OATR: 
VERTOL AIRCRAFT CORPORATION 

® 

PACiR   NO.       / ® 

X-' "    'Txi X ' 
Rmonr NO./*-     feifs^ 

MODEL  **0,A/-~J? /     *>ry lss>C 

- ■ 

> 
Ul 

e tc 

c*   ~ , UCJ 

£■ 
/^'■/O MS' 

•~i   •■   .1 »'. OZ4 
A76 

#</$'-</>  /^/rr-/^ 

— - /. &</ — 

ajf   jv/?//,h    /Jrs- ^'S 

|-        -   3.^ -j 

/  -:/ 

- /8 o O   O   Ü 

■<) o o o 

o fi'    G 

o o o o 
I o o o o 

-J 

/ Zf 
£■ 

/■ 

-. 37S~ 

:5- /c^:^^ 



PREPARED   BY:    /^^)A;    }CfSJ*^ 
CHECKED   BYl 

DATE:       y/'V/dd 
VERTOL AIRCRAFT CORPORATION 

> 
UJ 
a: 

PAGE   NO.      // 

REPORT   NO,    /^'    7^ f? 

MOOEU  NO. f/^py   S**-""<jCl 

J?^^-? "C   CCh*> '•: ) 

0   s4sS€S/to£ styJ^/?*;?''  /Z£'/?<C7~'£0   /3y -?'/^-/Saz-rfi fpj?"serf<0. 

S^O 

f'-j 
-yy- 

3< 

. /<&*. /?£ 

/?'/*. ■so r^ 

/-/ 

A. C<p s 

- j?./6 

K* /■¥£ 

s/. s. = 
^3 

/- +/_ro 

40 



■■'■:.r 

PREPARED   »Vi^/^/p l^7/V7~ 

CHECKED  BY| 

^/'Sg 

VERTOL DIVISION 
BOEING AIRPLANE COMPANY 

PAOE  NO.   /£ 

REPORT NO.   /tPL   "prt *> 

MODEL NO.^C^^     ST^AAj^ 

•<i 

£V3-J8 

6':o 

z^s-'j 

Zf= i?o 

-^ 

v^ 

J.o 

z& 

$4 4-7' 

7^= /S. 6 K 

V ~ a 
/V^ /oo. 5 

z2 

, K 

/    .ssj  ,a¥5   .007     ^ o — 
Z    .VSO J'&O   /./j?5-    J.8JO     .937 
3   .'35   f.955   .670     3.J^o        — 

® 

0 
A/' 

?J7 .73 3 f.Soz    &./4-0 

^./^ 
^J 

^ 
/00,S~ 

/- /<£ ^ 

5~? 

/rs/ 

/yr^". = 5^5- 
-/-   /.d?/ 

/cS^ 



PREPARED   HV, jS^/^ A^J' 
ED BYl CHECKED   BYi 

DATE 

VERTOL DIVISION 
BOEING AIRPLANE COMPANY 

> 

PAGE: NO.   '«=r 

REPORT NO.    /\   " Jst-J O 

MODEL KOyyCj?/   5^,^   (J 

//V /TS    c>se/$/A/y}<L   /Z^S/^AJ; 7^y/s yJ/Csti   UJAS    Ca^Sr/CC/cy^ß 

O/C    . "öcSV  /it TL.     S/4JC&   J-     -r /I    sfAStf /OsXl&eOT /^O AJ CT/0/O S   Of 

srooo**x. £^/x /i0/ rr VS'SO    ay4£<pa /fr ^TQ t/t-r. 
. o^ ?o 

6//*/*£r/e //rr/)c///*/^A)-rs 

faj /?A'-S' /7a/-. TS 

/&.(f 
borfo /ss/^g  so^/^jcg-    =     ^^L/-  ^ J330 

<£ 

/?' = 3'7S'&i4f 

/???& J: 
/^X = J-J-30 

-/«=    y^/ 44g" 

'h. J'S C.efo-f.otz) 
= s/? Ars/ 

rfS.~ 

J'/J-JS /^r-rz/y? 

-/^ y-/.J?9 

//- f /& srz    /srs *' -//iT ^"^Z 

rs 8.3 

/£.£< 

3:5- 

X 
--?^ -.-J^" 

m 
■3J    [ "i—r 

-—i Y-.sr< -zx 
'JH A 7 5-^ 



PBEPAHED   BY:   AZ2/i?'yS?/V? 

CHECKED   BYl 

DATE       TyStz/Sd 
VERTOL AIRCRAFT CORPORATION 

PAGE  NO. '     f 

REPORT NO.    /%^^** CS C> 

"MODEL HO. ^r- £_/   ^/US/SJ^ 

J */j   - ^<9   /^rc;     rC<r^'r) 

£f.3/ 
w./ /</» 

h^H^U 
/^^/P/Z-XP 

3¥iS K/'. 

A3 
J5W/=^>C 

/^/ff£/ü r 

/?r J-s? : 

/6       rrot* 7T*. 99f 

A" 

5 
3o£ 

* s/ 

4- 
/£* /.?■ *■#■'£''  its' A-St &-m--^ 

To *s*   &* £i^P99 
fß + tfr* .93? 

S/,S.~ -/--/-. oss^ 



.■■   ...   ...■   ■ 

PREPARED   rJV:   A 

gg. CHECKED   BY 

/">./- ir.r,V, 

REPORT  NO. 

X 
DATE: S/S jTy/^C} 

VERTOL AIRCRAFT CORPORATION 
MOaEL  NO, /\/-.    ^ /      ' 

7.- 

.-r •'' 
SIIUM9MWBBP 

■% 

^r /3 

si -T-  "c " 

X 

^ H 
o ^^1 <x\m+t) i b Cyyi-i) 

/. 7f- 

^ 

//5.=    Ms-^^l 
/ iy<pj5 

^/..9   -^'3^ 

^SD   ■= 
/.Od 

£3/ . ^>. -r^ 
C>/S/?- A-J/CC 

l'&~ A CCJ> -'   /^/     ^ör~--   ®1 
&' .   S3 x ^ys'^'x ,   -J-ls.'j^--  J9./ 

/<: 

^i^V- /-^/^ 
V. 3 

fceF : Jfo+te'x.    '/^OUWOLAI   /'«"'   "^'^tsi ncT/^oi ; / (■ Zoo   J r.- -"/ ^-i ?/ 
t'B'-'f^'''ii*ft'MlWim--Si-lri.ti'iti7V»<r,i'lilMriiiMirt-fV' ;        -i' ■Tr."   -iv   ' a,!^a,-i'..t.-f.ii.-.iiiK^.&v-iTWia.'..'~jj^,a»aatf üj*ü^üiiu,;.iüJ-Jii-: .^-i.Ü\ .^».iW«! 



PRrPARJCO BY 

CHECKED BYi 

DATE 
VERTOL AIRCRAFT CORPORATION 

PAOE  NO.      /    O 

REPORT  NO.   /C?-' JZ?(3 £ 

M OOEL NO.   JL/-^/   SiM "O «n 
miiw—a ■ 

> 
Ui 

J7^~/ %Sl 

h-AH 

AS' 

/.'/■J 

- 5T=> a//:, t?S- 

"/*.£* 

/Y-S~. -/-   ^V.? 

^ 57 ,   Z^?./ «■ ^. 3/ 
/ ^r«/ 

ä 3 ^;, 3^   »     _ ,   v 
r 0^5 A//»/: 

/.4*~. S'3 = , 6 3S fr 

/Sa ^=±LM 



" 

PRFPARKTO   BY:    /TZ^/t^7Jy^pyfJ4? 

CHECKEP   BYi 

DATE:     ^//-r/^O 
•«■ VERTOL AIRCRAFT CORPORATION 

PAGE   NO.     S/- 

REPORT  NO.   /0~J?&S 
M ODEL   NO.  VVL  --» /     «C ^1 

BHBMHMWnmin ntna 

J£&~S /=;: /-^•- // /^ rr* ^7^5 - /^Ö -t»/ 

> 
Ul 

<? 
W/^. 

x \ -f\ 
/ ^»/^j /?//? 

v^ 

<^ 

\_ 
/•3X-   (^rZ-j 

-*- 3.3' 

'* ■= 3 .7"^ 

/^S^    Sy^>/F s^J^y    rCcsi..^) J)   SASG'-"*^) 

7~ =   3.3^ 

V-  so«), 

A- 
y- 

33 ^     Ä  /jr.tr/?? 
77  X.  ö'3 



OATE:     r/Ztf/tSO * * 

PREPARED   BY 

CHECKED  BYl 
VEItTOL DIVISION 

BOEING AIRPLANE COMPANY 

PAGE  NO.      / CS 

REPORT NO.    &~4%&S 

MODEL NO. ^/-^y/ Sc.a/*Kl 

•763-/ #& rca'^j >-j 

Go*/*) J? 

4-   /.96*  J* 3.91 H*'l 
Zr - ,£SJL 

yPr^ye.*, 67J, 

T^r /sis'* 37"~   try.1/ 

Ksi 

KSI 

/<*' 

JCZ> 

*J(C> -  .J7/ 

A/.SC COAJO i) 

JOVO   i 

n-d3 



ATE:   f//S/&o 

PREPARED  BY 

CHECKED  BYi 
VERTOL DIVISION 

BOEING AIRPLANE COMPANY 

ENO.       /f 

ORT  NO, JZ-J^ 3 
MODEL  NO 

ÖOAJ0   JL    /d  CSf/7-/C/4L     SSy /A!fS/?&C7''0'0 

6' 

p 
ft/.jx/j.*"*- 495-**'   J?r. /3 

J3*   Jjr^dr^* ~   /J.3 X5' 

AS' 

32/ 
yj.3 . 

/7LO 

= . 9JO 

^5-9 

JL /-    -/-. oo. 

*/£-£&   s^s/^l/StS  0/= ry-zt'  y//J"i, 

'/ 
JZf*   /9^S^     ^ 
/ 5 /6 

/ 7£.S 

< -    ^#.-     Ä^^    /?-   ^ ^^ 

Sy 

/. 6 7<? 
O'/S 

r'<*'    ^^    ~~   -//?" 
/oj -s 

^^/g^^rJ •+*■ /?s  = , ^^^ 

/^5: //■£2/p 966 -/-   /. 0^5" 

\l 

wamuaEsamammam BrTfBTnrtüwiiWiirrw 



DISTRIBUTION LIST 

Vertol Report 
"Improved Helicopter Sling Load Capability" 

Commanding Generr-tl 
United States Continental Army Command 
ATTN: Materiel Developments (1) 
Fort Monroe, Virginia 

President 
United States Army Airborne and Electronics Board 
ATTN: Lt. Col, P. J. Harris (1) 
Fort Bragg, North Carolina 

Chief 
Uo S. Army R&D Liaison Group (9851 DU) 
ATTN: USATRECOM LO (1) 
APO 75 7 
New York, New York 

Commanding General 
United States Army Infantry Center 
ATTN: Transportation Officer (1) 
Fort Benning, Georgia 

Commandant _ 
U, S. Army Aviation School 
ATTN: Combat Developments Office (1) 
Fort Rucker, Alabama 

President 
United States Army Aviation Board 
ATTN:  ATBG-DG (1) 
Fort Rucker, Alabama 

Deputy Chief of Staff for Military Operations 
ATTN:  Director of Organization and Training, Doctrines 

and Combat Developments Division (1) 
Department of the Army 
Washington 25, D. C. 

Office of Chief of R&D 
ATTN: Air Mobility Division 
Department of the Army (1) 
Washington 25, D, C. 

Commander 
,Naval Air Test Center 
ATTN;  U. S. Army Liaison Officer (1) 
ATTN:  Technical Library (1) 
Patuxent River, Maryland 

- 49 



Commanding General 
U. S. Army Ordnance Missile Command 
ATTN:  ORDXM-T (1) 
Redstone Arsenal, Alabama 

Chief of Transportation 
ATTN:  TCDRD « (2) 
Department of the Army • 
Washington 25, D. C. 

President 
U. S. Army Transportation Board (1) 
Fort Eustis.Virginia 

Commanding General 
U. S. Army Transportation Materiel Command 
ATTN;  TCMAC-APU (1) 
P.O. Box 209, Main Office 
St, Louis 66, Missouri 

Commanding General 
U. S. Army Transportation Training Command 
ATTN; Deputy for Aviation, Transportation Division (1) 
Fort Eustis, Virginia 

Commandant 
U. S. Army Transportation School 
ATTN: Adjutant (1) 
Fort Eustis, Virginia 

Commanding Officer 
U, S. Army Transportation Research Command 
ATTN: Executive for Programs (1) 
ATTN; Research Reference Center (4) 
ATTN: Aviation Directorate (6) 
ATTN: Military Liaison & Advisory Office (4) 
ATTN; Deputy Commander for Aviation (1) 
Fort Eustis, Virginia • 

Commanding Officer 
U. S. Army Transportation Research Command Liaison Office 
ATTN: MCLATS (1) 
Wright-Patterson AFB, Ohio * 

Transportation Corps Liaison Officer 
U= S. Army Engineer Research and Development Laboratories     (1) 
Building 314, Room A-216 
Fort Belvoir, Virginia 

Chief, Bureau of Naval Weapons (R~38) 
Department of the Navy 
ATTN:*RAAE-34 (1) 
Washington 25, D. C, 

- 50 



President 
Marine Corps Equipment Board 
Marine Corps Schools 
Quantico, Virginia 

(1) 

Director 
MC Educational Center 
Marine Corps Schools 
Quantico, Virginia 

(1) 

Commandant 
U. So Army Transportation School 
ATTN: Marine Corps Liaison Officer 
Fort Eustis, Virginia 

(1) 

Commandant m 

U. S. Coast Guard 
ATTK: Chief, Testing and Development Division 
1300 "E" Street, NW 
Washington 2,5 , D , C .        * 

(1) 

National  Aviation Facilities  Experimental  Center 
ATTN:   Library 
Atlantic  City,   New Jersey 

(2) 

Librarian 
Langley Research Center 
National Aeronautics & Space Administration 
Langley Field, Virginia 

(1) 

Arnes Research Center 
National Aeronautics and Space Agency 
ATTN:  Library 
Moffett Field, California 

(1) 

U. S« Army Standardization Group, U. K. 
Box 65, Uo S„ Navy 100 
FPO New York, New York 

(1) 

Office of the Senior Standardization Representative 
U. S, Army Standardization Group, Canada 
c/o Director of Equipment Policy 
Canadian Army Headquarters 
Ottawa, Canada 

(1) 

Canadian Army Liaison Officer 
Liaison Group, Room 208 
U, S0 Army Transportation School 
Fort Eustis, Virginia 

(3) 

■- 

- 51 - 



Britisjh Joint Services Mission (Army Staff) 
ATTN: Lt. Col, R. J. Wade, RE (3) 
DAQMG (Mov & Tn) 
3100 Massachusetts Avenue, N. W. 
Washington 8, D. C. i 

Commander 
Armed  Services  Technical   Information Agency 
ATTN:   TIPCR , (10) 
Arlington Hall Station 
Arlington 12, Virginia 

Office of Technical Services 
Acquisition Section (2) 
Department of Commerce 
Washington 25, D, C. 

Lockheed Aircraft Corporation 
Burbank, California 
ATTN: Library (1) 

Sikorsky Aircraft 
Division of United Aircraft Corporation (1) 
Stratford, Connecticut 

Hiller Aircraft Corporation 
Palo Alto, California 
ATTN: Library (1) 

Doman Helicopters, Incorporated 
Danbury Municipal Airport 
P.O. Box 603 
Danbury, Connecticut (I) 

Republic Aviation Corporation 
Farmingdale, Long Island, New York 
ATTN: Library (1) 

Piasecki Aircraft Corporation 
Island Road, International Airport 
Philadelphia, Pennsylvania (1) 

Bell Helicopter Company 
Division of Bell Aerospace Corporation 
P.O. Box 482 
Fort Worth 1, Texas 
ATTN: Library 9 (1) 

Hughes Tool Company • 
Aircraft Division m 

Culver City, California 
ATTN: Library , *     (1) 

- 52 - 



Kaman Aircraft Corporation 
Bloomfield, Connecticut 
ATTN: Library (1) 

Kellett Aircraft Corporation 
P. 0. Box 35 
Willow Grove, Pennsylvania 
ATTN: Library 

McDonnell Aircraft Corporation 
St, Louis, Missouri 
ATTN: Library 

(1) 

53 



i  a i 
01 o < 
c o o (^ 
      oo 
^— 4J ir\ 

ts> v o i 
X n) ij 

0 i- }— 
o>— u  I 

ig i   o r>- 
O X <-> -r 

3 

a)-* 

o. 1 
ai o < 
c u o I— 

— •-     oo 
3 —   *-< LTV 
t/j a) u i 

X nj o 
O i- t— 
cn.— -u  i 
i-   CM      C   I ■ 
nj i   O i-- 
o x o — 

.—        rsj 

i 4-1   C "O 
U Q     .   1   -—. V)       ü 0 c          — 
O LU cc       r^. w t ■T- cn GJ .•- (tj          cs 
2: z UJ      CO u X c u- 4-»         r         i 

o i-      un o a) u •- M- o a> m      x 
a 0) 3 0) ID in u j 

• w O Q-o 01 "O 4-j in      i~ <D fU O c 
O UJ SJ CLI— rr a) CU       "D 4-i   (U   >   C   O 
o a —       ■ 0   0   C   IU —   3 

uj _j rn r>- XI M- UC7tZ3UfU<i>in4-J 
o 9J a: uj Lnr^. o» .— —   i_   O         u   c ■- — 

o C      x   — — u —   ID   t- TJ          ID        M- >: its u_     ^i M- I) (UUOIC-OPCTIO 
— O — vO^T .— E J;           ID ID       c u 

2 Q.    CM sn-* in U-    C            O   4-t 4-t 
O V- Z    1   —    1 in ID — O— c — jrsaj — — ox     < m CM           o       ai m u 
(/I < —         >-Q ,— 14- i   cn in — — -^ 
t/> i_ a: i_ i) OXC4-iiniD—   D — 
UJ CT1< O  10 i-* C — -C c  u u- -C  ID 
CJ C 3 U.   3   U i [-. u 4-» cn aj ■—      4J ■— 
o — _i      era (1 O in — 4-i c cTi     4-i 
< <u < u 10 u J- .— l*-D— X'0C4-JC 

o > z -> u .—. i-J 4-» u- aj jr — rü aj 
CO Ul —         C r m cn              u u ^r 4-i 

3:    - OUA 3 c;4-'ucna)34JO 
->- oo O-l o .— i— — J: 3 C E T3       CL 

C X       m--- t > ID 2 cn o —           TD 
0 (J O (M l > in — 14- 3 -D >. a) u 
 ej i    • rsj 11 ■—       in c 4-) "o 0 
m -J ac a: i/i O 0  U_ 14-            ID 3 14-      • 

— Ü. <         91 i 4-1 cn      o UJ      — —       in 
>     o   • — :}-, m u              i-i — —   O   U   u 

—              0 -O0O (I) ra   •'OtDfDjDc— a) 
Q    • _1 z  ra DC u ux>a)DU'0OXi4_i 

10  <           4-1 0^ 0)4-1^ — 4-»UlDa 
)— Q- 2   4-)    I 4-J — 4-iiniDi-in       4JO 
O      cc u m -J- IDU-— >4-'       inQ-O 
l->     «UJ  O   3 —i aic o inoj ut;-- aj — 
U   C h-   CLr— 0 .— w-   Q. C         0)   ID          U — 

;JI <u o x u — u —. miDOO— OJ-JUD 
< > U Ul OS — 0. U- 4JUIJ4-/(U>          ID.C I »-*.     .■-"     •"    UJ    LA_ li. LJ_      *-l       —        1J     *- I "-».-—■ 

, C 
4-1   O XI 

1-   O         .             -—v in       0 —   c — 
O UJ o:   i r-. 4J i ■— cn cu -t-i ID CM 
Z Z UJ       CO u X c u- u 1      * 

U 1-       u-i Ü aj U — 14-   ID   OJ in      x 
 O-   Q.  1 Ö a)  3 <u u m u 3 
• iSl O   Q.O a) xi 4j in      4-1 ID CU o c 

0 LU CJ         1— rr t) a.     XJ a) QJ >   C   0 O O — CO   , •— 0 O e i  3 
uj ._j tn i— XJi^ O cn 3       oj cu in 4J 

aj a: üj      r— (1) ■— —  u O -o  u c — — • ex    — — u — raue ID       M- 
o ID U.        —    I 14- 0 cu u cn ID X» E cn o ^. — O — ^DJ- — EX                   ID c u 

Q-       IN CTi^t ifl u- c      o 4-1 .—   4J 
z 1- Z   1 —   1 m m ~ o — c — J: 3 <u o — ox     < ID CM             o ai in u — < —      ^o — *- i   oi in — i— ._ 
(/') 1— DC   u <» OX  e 4-1 in ro —  m — 
l/l OX O   ID 4J C — J= c o i*. J: m 
Ul C O U.   3   O ) c u w cn QJ — +j — 
o — _J         C   ID Ü O   in — 4-i  c ai     +J 
CJ IU < U   ID   u j- H-   (U —   X   ID C 4-1   c    ■ S O > z; ~) 4-. — 4-1 4J i*- aj x —   CD   CU 

CO UJ —         c m cn               u U JC   4-1 
3:   - 0 LA 3 c 4-i i- cn a) D -W   O 

-t— t^ CN O .— .— — JC a c e -a     Q. e x      rA~— o :n 5 O>0 — 
>. aj u O u o ivi 1 > in— M- 3 xi 

 (J3   1      . (Nl I» —       in c 4-1 xi  o 
in _( a: a: in o O U- 14-          ID -   3 H-     . 

— u. <       OJ 1 4-1 cn     o a> — —      m 
>      o   • — a\ in L-                 4-4 — -   U   OJ   u 

O J3 CO V CD     •X)CDCD.QC —   CU 
a   • -J z ra cc 4-J U XI   ID   O   O ro 0 -Q 4-i 

ID <         4-1 CT> QJ 4-4 — — 4-1 ü ro OL 
—  Q- ^   4->    1 4-i — 4-i in to i- in      4-i o 
o      a: u in • r. ID     U >   4J in a. u 

4-1        -UJ     O    ^ —i enc O mo ux> —  aj — 
I-   C 1—   CL— Ü — i-  Q. c       cu CD        u — 

o O   O X   <D — u i— aj oj o o — 0 4-i  u  4) < > 4-i ui o: — a. 14- 4-1    U    O   4-1    0)  IB -C 4UU4-ID IB-C 

1     4-l-J- 
Q.  I 

CD O < 
c u o r>- 
      oo 
S— 4-.tA 
00   O   U   I 

X   ID O 
O u (_ 
cn— 4J  t 
u <N c r^- 
ro <   o r^ 
o x CJ — 

1     4-1 J- 
a. i 

cn o < 
e u a r-- 
•- —        CO 
3 .— 4J  LA 

CO   M Ü    1 
X ID O 

0 
<:       cn— 

- rvj c i^- 
ID i O r-- 
O X o — 

o 

ul 

L_ 

1                     .-s 4-J   0 XJ 
u o   -     rs. 4-J Lft        0 —   c 1— 

O UJ CC   •  CO L. 1   —   cn CJ 4-J   ro CNJ 

X. z: LU      tA (3 X          C ^   O 
e? t-   •  i a QJ   l_ — U-.   fD   0) (^        X 

-— a. CLO OJ CU    5   <U   ^    LH >-  5 
• to o a.H- cc X)   4~i   (/I         -M   ro CJ   0  c 

O UJ O ry,   » (Ü   CL       X)   0)   0) > c 0 
— 0 0 c 1  :J 

UJ _J LAr^. a; 4- u cn D       a) JJ    Ul   4J 
dj a: uj      —  u 0 -0  i- c — ■- 
c      X   - * «4-. -O —   TJ   U  c ro       w- 
to u.     ■ * •— O   0)   O   Oi ro "O (=  cn 0 

— o — o-^- in E -C                     fQ C    L. 
cx    CM cn ' ;/•. ^   C         O 4-t  •—    W 

• i- s:  i — < (U m — 0 — c — -c  3  Q 
o — o x     o .— CNl                       O cn i/i i_ ^< —      ^ O «4-     1     Ol l/l — •— — 

h- cc i- *J c: O X c w tr; cu —    QJ — 
:z a>< o ro o r? — _c c 0 4«- x: 03 
o c 3 u. 3 m C   I- *J   cn OJ — i-J .— 
— — _l        c   u O   O   l^ •-   -t-J   c cn      +-) 
</)  cu < CD  ro ^ Jt — >+-  cu —   K  ro C  4-J    C 
oo O :> z -s c 4_t        w H- (U ^C —   03   QJ 
UJ CQ LU ■—    ■      Ü ■ CD ai              u >- -C   4-» 
O               ^     "O ,A ID   c *-» i- cn QJ D -M O 
O     «I— C/> Csls^- _. . JT D c E ~o-      a 
<r c -r      r^ o ro  5 oi 0*- T) 

O O O CJ 1 >    ^ ._ M_    3-0 >> QJ    L, 

— — L3    i       • .>] a;       —       ui c *J "O  0 
(^ _j a: a: in o O tu. M-       ro —   13 H- • 

— U_ <t         (U w  fU      O QJ i/) 
>     o   • — .1\ U!    t.                    4J ^— —   O   0) s_ 

O-Q rn 0)0)     ."OfTjrOJac^- QJ 
.ei   = _J z; ai rr 4-1   C) "O   <1)   U   O 03 0 .a 4-1 

1     ra <t      -M cn dj  +J .  4-J   u   03 
l— a. 12: -w  i +j .—  M   U)  to   i- UO           4-J CJ 
0      a: i- i^ « J^   iU   * >  +J Ul   CL O 
4J      -LU   O   3 ■—i cn c  O   in  0)  ü "O —  cu ._ 
1-   C i—   CL— o  L.    CL c           d CO           O ,— 

Q  OJ  O X  OJ ^- 1_ ^   QJ   tu   O   O — O    4-.    (J a; 
<£ > 4-J UJ tr — ü_ U_   4-»    U.    (J   ■*-*    QJ ■ ro ^ 

1 a • 
u uj a: 
O : 

; CD ! 
- cu 

LH CJ 

- l/l O   Q-O 
ul c_)   Q-i— 

O Q — tv    1 
O UJ -J LTN ^^ ' 

a: uj r— 
<U X - — 
C Ü-       —   1 
iu o — \4D ^r 

— CM cr\-* 
• CL^:   1 .—   i 

o u o x     <; 
Z  >-[=l 

< 1— cc u 
3 < O   ID  4-1 
o om u- 3 o 
— e _J      era 
1/1 — < u 10 u. 
10 ai ^ 2 -^ 4-1 . 
UJ  O UJ —        c 
O CQ ^      -  O 1 
O      -I— LO Csi  CJ • 
<i   C X        i^v'—O 

O O O csj 1 
 cn 1    -IN 
in _J D- CC   10 O 

— U. <        cu   1 
>     <_>   • — ai 

0 -^co 
■ _j z: ID cc 

ID <c      4J a^ 
1— Q- 2:  4-J    I 
O      a: u m   - 

-uj o  u —1 
C I- Q.—   O 

—   CU   O X CU -—   u 
< > 4J UJ a: — a. 

; xi 4J 
cu 0- 

i — O 
11+- ü 

• X — 
■ 0 0) 
1   E -CL 

4-1    C X> 
u o c 

Ol IU — CD 
C ^4-  4J 

O <U 
CU  ID in u 3 

in 
X)  W   IU   > 

CU —   3 

1— CN 

OX 

c  1- 
o o 

o c 
cn n u cu 
u o      1- 
ID   u X) 
o cn c XJ 

CD   ID 
4-   C O 
O — 

cn in ■ 
c 4-1  in ro ' 

<N ! 
X 

ge 
c o 

E cn o 

-CSD 
cn m u 

i- 4-1 cn cu ■—      4-1 • 

cu — X ID 
4-1 4- cu -C 

o 
cn cu 
c E 

3 cn o — 
m — 14- 3 xj 

ro 01 
3  c 4-1  u 

1 -C   3 

C 4-1 C 
-   ID CU 
v- j: 4-1 
3 4-1 o 
ü a. 

x 
>. CU 1- 
4-J XI Ü 

in u            4J — ._ O  cu  u 
cu ro    • "D ID ID -Q C—   U) 
4-1   U XI   CU   3 u ra 0 JD 4-' 

CU   4-1 .—  4J 0 co a 
4-1 —   4-1    irt^ CD 4-1 0 
_E   10   4- —   > 4-1 cn O- ü 
cn c O in cu O X .-   0) — 

—   U   CL C IU   CD u — 
—   CU   CU   O   O —   0 4-1    O    0) 
U.  4-1    l_   O  4-1 IU — —   CO -C 



m-a- 
I    Q. 1 
Ol O < 
c O Q r^. 
._ ._       oo 

■? —   4-> Lrt 
isi V o   > 

0       i-l~ 

'- CM c r^ 
si i  o r« 

CJ   X   O  TTT 

o 

< 

1 

oj^r 
1 -M -f 

n i 

en o < 
c u o r^ .— .— CO < i— ■M un 

(-O (j> u i 

i m t i 
0 L. h- 
u _ ■u» i 
L_ CNJ r r-. 
m J 0 r-- 
o n: o ^_ 

o 
'if 
u- 

s/i 

3 

i i-i c x> 
i- a   . i ^- «i       'J o r   
O ixl cc:      r^ t~f i -T- en aj ■^ <t) CM 

s; z LU     co i_ y C 4- f-» r         i 
(j t—      trv o gj U — H- O   K in      X 

^-- a.       i u <u  3 0) fD   </) i_ j 
• to O  CXo ii) -o ■u tyi U   fp UJ O c 

O UJ O CL}— cr a) Q.     "O^i-i  Oi > c o 
O Q —          1 o o c (U-- 3 

Ul—) rr,r^ V) M- ü en 3 u   a) «y LT i-t 
? aj a: i+j Lnr^- U .«- — u 0 u c  

o c     x   — TJ ~ m i-T) nj     4- 
z ^ i*.     — i H~ n ai u en c TJ E  oi o 

— O—vO J- - — E-C n3  (D c >- 
a: Q-    cs a-, j- Ul M- c O 4-J •—   4-» 
O   1- Z   i   —   I LO (0 _ o — c — -c 3 a) 
 ox     <t m CM o ai i^ L. 
to < —      >-o 4- 1     CTV wl 

to      1- a: i- i) O X   C iJ in ffl — a) — 
UJ a)< o fD iJ C — s: c   U 4- JC  m 
<_>   c ^ U.   D   ü 3 c L. 4-J  cn m — 4-*  .— 
(j — _J      era 0 O m ■— C7)        4-) 
<  a) < o nj u j- M- ^U ~ X «J C  4J   C 

O > Z -5 J-< .— w •M 4- a) JT 
QD LU —          C i in cn o t- SI *-> 

S    - 0 LA 3 C   4->    l- en aj 3   4-»    O 
-h- to CM O i— — — X 3 C   E -O          CL 

C X         rc\^^ » m S  Ol 0 .  ■a 
O t-3 O CM J > U1 — 4- 5 13 ^ U   v- 
 (J    ,       . fM 3) lA   C 4J T)    0 
m _i a: o: « O O U. 4- 01 _   3 4_     . 

— ü- <      a) 1 JJ cn      o 0) — ^       in 
>     o   ■ — T\ i/i u 4J  i  ~    O    D   V- 

0 -OCO o; fO .  • T3 fO   D -Q   C —   QJ 
a   • _i z nj a: t-j O -o 0) 3 u ni O ^3 4-i 

- ra <      w T\ (U *-> i-»   U  Ti   CX 
■— G- Z  4-1    1 i_j — w  w 10  u 
O         Di   I-    ^ £: ITJ   1_ .- > J-> in a. a 
*-J     "UJ   O   3 ;r C  O  to 0)   O 13 ■-   Ol — 
I-   tf 1—  o  0 ._ '»-   Q. C OJ TJ        o — 

O   (U  O X  0) — lm i— a) aj o 0 — 0  w   o   (U < >• +J UJ a: — ex. u_ ■u   i-   <J iJ   cu  <D X 1       »^   w-^   ♦"  '-*-' 1-1- ■-»- 

,         • ■w  O "U 
L, O      '         ^-^ in        O1—   c ~— 

■ O UJ or:   i  r*. -u  ! •— a> a) .u ID tM 
s; ^ UJ     co i-  X        C 'J-  o 

O >—        LT 0   OJ  i- — M-   (D   (U i/>       X — a. a i CL     (u 5 a> u ui 
(U 0 c • in O  Qnj> cu T) i-> i^      j-j nj 

O UJ O        l~ a: OJ o.     T) a> tu > c 0 
O O — ^   i — O o c v- — 3 

LU | UTA [->■. *o u- u en 3       a) 0)  tn -u 
dj cc UJ      r-^ 0) u o -o u 

— "b—   fD   L.   c 
c — — • C        IT  « aj     •+- 

o fD Lu        —    1 4-   O   CU   U   CJl ru X> E  o^ 0 
— O —vO^f —  E-C                  Q c u. 

CL    csi a,\-^ in           M- c       o J_l —   4J 
*z U 2     1    —     I «j ro — o — c — x: 3 QJ 
'O — OX       < f0       OJ             o ai m v~ — < —          >-Q — »4-   i   en ui — — 
LO 1— CC   i- a O X  c w  (A m — m — 
LO C7><I o  ro 4-j C              — -CCU^-Cfij 
UJ c n u. ^ o -D   C   1- -U   Ol (U — 4J ._ 
o — _J        c ra O  O   ui — -MC cn      tj 
u 0) < LD   ro  i_ J- ._ U_   aj ™   x  TO CMC- 
<3 O > Z "> -u i— 4J         *-» U-   (U JC — ra tu 

CQ UJ  —           C i ru cn               o u x: w 
3:    -0 u> 3 C ^  *- O) A) D  4J   0 

-h~ CO  Csj C_> .—  -c^cEx»      a. 
C X         r^_ o (0 5 ai o — -D 
O O O CJ t   . >   vi — 4-   5-0 >- <U   L. 

OJ a>     —      m c 4-t -0   0 ui -j or o^ in o O U, U-           a) -   3M_     , 
— Ü- <         0) < ■«-, en      0 QJ 
>       o     •^- o>. mt.           *J ^- -   t^   QJ   1- 

0 J3 CO EU  0)     • T)  «3   (0 xi c: — aj 
Q   • _i 2: ro or 4^   (J TS   0J   3   u 03   O J2  4J 

ft)  <t             4-* o^ 0)   4-"^- — ■M u fD a. 
— Cl. Z -M   1 +J     4_)    (/)   fo    L- in       JJ O 
O        CC   »-   i/l • jr aj 1- — > 4J m n. 0 

—i cncOirttt)u-a—Qj~. 
i u c i-  CL— o — u a. c      OJ fD          U '— 

Q dj ox aj — V- . — a; tu 0 0 — 
<i > +J UJ a: •- u_ JJ L- 0 ■*-» a)  m x; _J 

a) j- 
1    4-1-3- 

a. 1 
en o < 
C O O r^ 
•- •-        CO 
3: — 4-4 tn 
to <u o  i 

X   IT) O 
O l-\- 
OV—   4-»    t 
U 01 c f^ 
fO 1 O f^» 
o x tj ^ 

a)-* 
1 *-<-* 

CL   1 
cr O  < 
c 0 a 

? ■— i-i 
Ln a) 0 

(0   1   01 
o x tj - 

to 
to < 
—I 

z 

I -** 
t- ci    a      r-. 
o uj a:  1 co 
2: z LU       LA 

ei i—   * 1 
— a. Q.O 
• to o cn~ 

o LU o „ 1 
t-> Q —   1r-s 

tu _J tnc^ 
a) a: UJ     „ 
c      x    - i 
m u-     —^r 

— o —vo-* 
tx    CM cr» i 

• t. z   I — < 
o — o x     Q 
z < — ^ 

I—  OC    >-   4-4 
z cn< o m o 
O   C 3 LL.»3   (II 
— —  ~l C   L, 
VI  0) < CO  ro 4-J J- 
to O > z -> c ~ 
UJ CQ LU —    '     O    i 
O 3;    - u VA 
O    -l~ CO rsl-w^ — 
<   CX       CA       O 

O O O CM I 
U CD    I      • IM 
5 in _i cc: D; in O 
— U_ <      ällU    i 
>        O     • — 0\ 
.- O J30Q 
Q     • _J Z   ID OC 

ro <t 4-1 cr^ 
— a- z 4-4 i 
O      a: 1- in   * 
+-<    *UJ 0 3 —■. 

a— o 

en <j 

9.  x 
ID  3 0) 

O   . 
EX 

in 
.      "O 
0   C  1  

'en 3       0) 
u   O T)   t. 
(D   U   C 
u ai a) 'o 

4-   c 0 
ro— o — c — 

CM o 
4- 1 en in — ■— 
o x c 4-4 m ro 

— x c: o 
c L- 4-» en QJ — 
O   O   in •- 4-»  c 

— 4- aj — x ro 
4-4 4-» 4-   (1> x 
ro ai o 
3 c 4-» u ai uj 
^ — X 3 c E 

4-*  o 'O OJ' 

3 
o o 
> c 

0} 4- 
S cno 

4- x ro 

c w c 
— rocu 
L. X   4-4 
3 +J o 

TJ. Q- 
•a 

>, a) t- 
1-1 xi o 
— 3 4- 

— o a> 
x c ^ 
ro o -o 

ID 4J ^- — 4-) u ro Q- 
+J.— 4-4mrot-yi      wo 

_ S o x m. 
< >   4-» LU Di 

V-  > 4-»       in Q- O 
O  m (U ü -0 — <U — 
ex c ai ra O —■ 
01 0 0— O 4-1 O   01 
u  0 4-1  01 .  ro x 

4-»    C "U 
> a    .     ^ -u- m      u 0 c — 
i- UJ cc      r-^ L. 1  — en QJ ■- ro CN| 

O s: uj   ) co £,") X         C 4- -u "            ! 
21 U5 }—         LH a. O   1- •- 4-  Ü  <u tn      x 

ai OJ 5 a) fD in l_ 3; 
«t/l  O    CLO cc -a 4-» t/)      u re a) O c 
• UJ ej   CLH- OJ   Q.      T3 +J   cu > c 0 

O O ■*- cv.  > O — 0 0 C fl) — 3 
0 UJ _j L^r-* a) 4-. 0 cn 3 u ^ a> m -M 

er. tu       r^  u   O        u c  
C)       x  '4- T) —   03   i~ T) m      u- 
C LL.        —    1 ._ 0 a; u cn c -D G en 0 
ru O — vO ^T in E -c            ro ro C   l- 

—         csj a^ J- LH ^- c ■    0 AJ +J • Ü.S    I   —    1 rD fD —   O —   C — x 5 cu (   ) L. 0 x     <: CvJ                     O Ol 1/1   u ^            >^Q 0 u-   1    en m — .— 
< K- ct: u c 0 X   C w   t/i   m —    0) — ' <:C O   fD   J-» =) — SZ   c  Ü U- JC  m 

cj. enro LI_ 3 u c v_ w en aj — 4J ._ — C -J          C   tD • O O in •- M c 0°i       -u 
1/) — < ei to L- 4- — M-   OJ—   X  (D C   4J    C 
tyl dj > 3: -) 4-1 1— AJ             AJ  LU     (11     (- —   fD   0) 
LU 0 UJ —          C i nj en               u U ..(-  w 
0 CD       ~^:    « O tn 3  c -I-J  u en QJ 3   AJ    O 
CJ - h-  LO CNl t Ji 1— ■ jr=3CP-o       CL 
<1 CX        f^-— O fD  5  01 0 —■ "O 

O. CJ O CNJ 1 >  u>.— u- 5-0 >^ Ü)  t- 
 LD    1       • r-J a)      —       m c u< "O   O 

1/1 —J a: a: tn O O U. U-           fD —   3 4- , 
.— U. <t           QJ ! 4J   Ol         O   OJ m 
>,       O     ..- cr\ l/l    U                    4J .— —   O   0) u 

O -O CO tu   03     • "D   fD   fD J3   C — n' 
0   • _J z; nj t£. ■LJ   U TD   0)   3   O (D   O -Q A-.' 

f0 <t           -M (J\ (P +j .  4->   O   (D n 
—   CL.   ^   AJ     I A-J    AJ    1.0    fD    u in       4J 0 
0       a: u  ui > JT ra 1- •-- > AJ in CX 0 

■M      -UJ   O    13  1 01 c 0 tn Qi 0 xj — aj ._ 
| i-   C  t—   CL— C^ —    L.   CL C           QJ fD         O ,  

f-3 a> 0 x a) — L. ~-   Q)   0) -0   0 — O   AJ    U < > *-» UJ oC — a. Lu A-»   1-   O  -w   (U . fD X <3.^>AJUjLt.*— uu Lu^-wsj-t-jy^i iua_ <=j.^»+-'ujtr.— i-i_        U„AJI-U 



UNCLASSIFIED 

UNCLASSIFIED 


